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Tuesday, March 8, 2011 485ananocluster formation, as these are essentially non-fluorescent. Our detection
technique is simple, inexpensive, and compatible with commercial DNA syn-
thesizers. It is also the first demonstration that a turn-on probe can be made
based on fluorescent noble metal nanoclusters.
Our initial investigation demonstrated NCB detection of an influenza target
with a signal-to-background (S/B) ratio five times better than that of a conven-
tional molecular beacon. Here, we expand upon this work to demonstrate
a method of using NCBs to differentiate single-nucleotide variations. Our
method discriminates single-nucleotide variants by colorimetric change of
the NCB probes rather than fluorescence intensity change. This added dimen-
sionality enables the increase in fluorescence intensity (on/off switching) to
quantify the amount of target, whereas the fluorescence color identifies
single-nucleotide variants. Samples with single-nucleotide variations can be
unambiguously identified on a common gel imager with naked eyes, making
this method a reliable and low-cost assay with simple readout format.
Ref: H.-C. Yeh et al., "A DNA-silver nanocluster probe that fluoresces upon
hybridization," Nano Letters 10 (8): 3106-3110, 2010.
2630-Pos Board B616
Real-Time Label Free Analysis of Native Bacterial Cells Binding to Carbo-
hydrate Microarray
Yiyan Fei, Carlito Lebrilla, Jay Solnick, Thomas Boren, Xiangdong Zhu.
We present a novel experimental system based on glycoconjugates microarray
and oblique-incidence reflectivity difference (OI-RD) microscopy to analyze
binding of the onco-pathogenHelicobacter pylori to surface immobilized carbo-
hydrates. The results confirm the recognized high-affinity binding of H. pylori
BabA to the fucosylated Leb antigen, and suggest the presence of additional
Leb binding adhesins not previously detected. OI-RD microscopy is a recently
developed method for analyses of label-free biomolecules binding to immobi-
lized targets by measuring small changes in phase and amplitude of a reflected
optical wave from a solid surface due to the reaction of a solution-phase probe
with the target. Besides applications of OI-RD in DNA hybridization, antigen-
antibody interactions and small molecule libraries screening, we apply OI-RD
microscopy to the binding analyses ofwhole bacterial cells to their host receptors
presented on surfaces. Glycoconjugates microarrays consisting of Lea-HSA,
Leb-HSA, Lex-HSA, and Ley-HSA were probed with H. pylori, H. pylori
BabA deletion mutant and recombinant BabA protein. H. pylori demonstrated
specific binding to Leb antigen, but did not bind to the closely related Lea, Lex
or Ley antigens. The specificity in binding to the Leb antigen and not to Lea,
Lex or Ley antigenswas faithfully reproduced by recombinant BabA protein. Be-
sides,H. pylori BabA deletion mutant does not express BabA and does not bind
to Leb-HSA in solution, also demonstrated specific albeit reduced binding to Leb
antigen. These results suggest that some H. pylori strains exhibit a complemen-
tary Leb-binding activity (independent of BabA) that has not been previously de-
tected. The OI-RD technology with real-time analyses of whole cell bacterial
binding to multivalently presented receptors in solid phase combined with mag-
nified sensitivity for weaker adherence properties, offers new possibilities for
identification of discrete attachment mechanisms essential for the infectious.
2631-Pos Board B617
Probing the Strength of a Bio-Nano Hub by Single-Molecule Force
Spectroscopy
Minkyu Kim, Mahir Rabbi, Piotr E. Marszalek.
Natural and synthetic polypeptides have been proposed to be utilized as nano
building blocks for biomolecular materials due to their unique mechanical
properties, such as spring or shock absorber behaviors. Chemical linkages
are commonly employed due to their strong covalent bonds to assemble these
building blocks. However, biomaterials composed of these building blocks ran-
domly associated by chemical linkages, typically lose the original mechanical
properties of their molecular framework. Here, we have created two dimen-
sional (2D) bio-nano structures by using tetrameric streptavidin as a biological
cross-linker, and directly measured the strength of streptavidin tetramers with
the AFM. The strength of this biological linkage is capable of maintaining nat-
urally cross-assembled 2D nanostructures, with the measured lowest unbinding
force of ~ 400 pN at loading rates of ~10 nN/s. We reveal mechanically one of
the strongest non-covalent biological linkages in nature, making streptavidin
a strong potential structural nano-hub for hierarchical biomolecular-based ma-
terials. (This work is supported by NIH).
2632-Pos Board B618
Heterogeneous Immunosensors that Do not Require Protein Immobilization
Ewa Heyduk, Agnieszka Lass, Ling Tian, Tomasz Heyduk.
We have recently described a homogenous immunosensor design that utilizes
target-induced annealing of the oligonucleotides attached to the antibodies via
nanometer-size flexible linkers to generate fluorescence signal allowing rapid de-
tection of the target. Here we describe an alternative variant of this sensor designinwhich the presence of the target induces an association of antibody-target com-
plex with oligonucleotide-functionalized solid surface. This allows designing
solid-surface based sensors for detecting proteins that avoid technical difficulties
involved in immobilizing antibodies or antigens. We used human cardiac tropo-
nin,CEAand pathogenic bacteria (E. coliO157:H7) as example targets to test and
demonstrate the applicability of our design. Microplate wells or glass slides were
functionalized with the oligonucleotide containing complementary sequences to
the fluorochrome-labeled oligonucleotides attached to target-specific antibodies.
Target-concentration dependent signals were observed in the presence of anti-
bodies and the target whereas only background fluorescence was observed with
the antibodies in the absence of the target. Since all interactionswith the glass sur-
face in our design are mediated through oligonucleotide-oligonucleotide interac-
tions, the sensors can be quickly regenerated by a simple low salt wash. Stability
of immobilized oligonucleotides allows reusing the sensors multiple times with-
out loss of functionality. Since multiplexing could be accommodated in this sen-
sor design,we believe these sensors will find applications for parallel detection of
multiple targets. A single sensor could be used for detecting different targets by
matching the sequences of the oligonucleotides used for labeling the antibodies
with the sequence of oligonucleotides immobilized on sensor surface.
2633-Pos Board B619
Determination of Contamination of Beverages using Dielectric
Spectroscopy
Christopher E. Bassey, Sarah A. Mintah.
Knowledge of the dielectric properties of beverages and juices provides informa-
tion on their purity, quality and composition. Dielectric properties such as
relative permittivity, dielectric loss factor, and electrical conductivity weremea-
sured as a functionof frequencyusing an open-ended dielectric probe in conjunc-
tion with an automatic network analyzer (ANA) between 0.1 and 3 GHz
frequency range. Dielectric properties of pure drinks such as Gatorade, water,
wine, beer, and drinks contaminated with various volumes of ethylene glycol
were measured at a temperature of 20.0 degrees Celsius. Results showed a de-
crease in dielectric constant with frequency for all samples. There was- a linear
increase in dielectric constant with per cent volume contaminant. Results also
showed an increase in the dielectric relaxation time of the contaminated drinks
with the level of contamination, which is attributed to the increased charge con-
tent in the contaminated drinks. Theminimumdetectable per cent contamination
was about 1 %. This technique holds a strong potential for use in routine quality
control measurements in pharmaceutical industries and wineries.
2634-Pos Board B620
Subpicosecond Photonic Switching Based on Bacteriorhodopsin
Pal Ormos, La´szlo´ Fa´bia´n, Zsuzsanna Heiner, Mark Mero, Miklo´s Kiss,
Elmar K. Wolff, Ka´roly Osvay, Andra´s De´r.
The continuous growth of internet traffic represents a serious demand for sig-
nificant improvement both in capacity and speed of data trafficking. All-optical
data processing is generally considered to be the most promising approach to
achieve these goals. The state-of-the-art photonic integration technology is
ready to provide the passive elements of the optical integrated circuits. The
bottle-neck is a proper nonlinear optical material in waveguide-based inte-
grated optical circuits that provide the light-controlled active functions. Several
inorganic and organic materials have been suggested for this special applica-
tion, however, none of them is considered to be the optimal solution.
Here we present a subpicosecond photonic switch where the active role is per-
formed by the chromoprotein bacteriorhodopsin. The changes in the refractive in-
dex that accompany the steps of the photocycle of bacteriorhodopsin are used for
all optical switching in appropriate integrated optical devices.We use grating cou-
pled planar waveguides and the coupling is modulated by the light induced refrac-
tive index changesof bacteriorhodopsin. The switching is demonstrated inultrafast
pump-probe experiments. Different transitions of the photocycle are explored for
switching applications.We show that by using the bR to I transition subpicosecond
switching can be readily achieved. The approach may serve as a basis for the real-
ization of protein-based integrated optical devices, eventually leading to a concep-
tual revolution in telecommunications technologies.
2635-Pos Board B621
Characterization of Quantitative FRET Sensors for Fluorescence Molecu-
lar Tomography
Qing Liu, Xin Xie, Yi Zhang, Yanyan Xu, Yue Zhang, Xin Liu, Jing Bai,
Xiaodong Liu.
Fluorescence molecular tomography (FMT) emerges as a promising approach to
acquire dynamic information of key molecules in vivo. We propose to utilize
BSCaMIQ, FRET (Fluorescence Resonance Energy Transfer) sensors of calmod-
ulin (CaM), to achieve more specific and robust measurement for FMT targeting
CaM. First, whole-cell patch clamp is applied to cells co-expressed with L-type
voltage gated Ca2þ channels and BSCaMIQ sensors. This way, we validate and
486a Tuesday, March 8, 2011quantify the BSCaMIQ sensor for live cells at single-cell resolution, based on the
competition between CaM and the channel (Liu et al., Nature 2010) and also the
in vitro measurement of BSCaMIQ sensors (Black et al., Biochemistry 2006).
Next, we move up to multiple cells in phantom of FMT (Hu, et al., Progress in
Natural Science, 2008). Cell lyses are loaded into phantom in FMT system to per-
formFRET,with different titration ofCaMconcentrationsupon lyseswithBSCa-
MIQ. Finally, cells expressing BSCaMIQ are suspended as solutions in phantom.
Suspensions of cellswith distinct expression levels ofCaM, as scalablemimics of
bulky tissue, are imaged in full-angleFMT to examine spatial resolution andother
key issues in FRET sensor-based FMT. Here, we present an innovative approach
to systematically quantify BSCaMIQ sensors at single-cell, multi-cell and tissue
levels for FMT, which is readily applicable for other FRET sensors.
2636-Pos Board B622
Amino Acid-Specific Attachment of a Protein to the Termini of Carbon
Nanotube Without Affecting its Enzymatic Function
Shahbaz J. Khan.
In single-molecule measurement and manipulation of biological materials, as
well as constructing biological devices by utilizing nano-materials, the interac-
tion between biomolecules and nano-material largely affect the quality of the
device and accuracy of the measurement. Especially, when a small number
of the molecules are targeted, the way of attaching protein to the nano-
material largely affects the result. We describe a strategy for site-specific con-
jugation of target proteins to carbon nanotubes. Non-natural amino acid, azido-
tyrosine, was incorporated in a protein of interest at a desired position by uti-
lizing amber mutation method. This azide group was then reacted with carboxyl
group at the end(s) of nanotube through a set of cross linkers. We successfully
demonstrated that calmodulin can be attached to the end of nanotube without
losing its enzymatic functions. This approach allows the covalent conjugation
of any nanostructure and/or nano-device to any proteins without affecting their
biological functions.
2637-Pos Board B623
Kinetic Study of De Novo Chromophore Maturation of Fluorescent
Proteins
Ryo Iizuka, Mai Yamagishi-Shirasaki, Takashi Funatsu.
Green fluorescent protein (GFP) has a chromophore that forms autocatalyti-
cally within the folded protein. Although many studies have focused on the pre-
cise mechanism of chromophore maturation, little is known about the kinetics
of de novo chromophore maturation. Here, we present a simple and efficient
method for examining the de novo kinetics. GFP with an immature chromo-
phore was synthesized in a reconstituted cell-free protein synthesis system un-
der anaerobic conditions. Chromophore maturation was initiated by rapid
dilution in an air-saturated maturation buffer and the time course of fluores-
cence development was monitored. Comparison of the de novomaturation rates
in various GFP variants revealed that some folding mutations near the chromo-
phore promoted rapid chromophore maturation and that the accumulation of
mutations could reduce the maturation rate. Our method will contribute to
the design of rapidly-maturing fluorescent proteins with improved characteris-
tics for real-time monitoring of cellular events.
2638-Pos Board B624
Photothermal Lens Spectoscopy in Highly Scattering Media
Omar Ziane, Aristides Marcano, Hacene Boukari, Noureddine Melikechi.
Photothermal lens spectrometry is a highly-sensitive technique used to mea-
sure simultaneously absorption and thermal parameters of various scatter
free samples. However, recently researchers have extended the use of this tech-
nique to for measuring the absorption of light in complex samples, including
highly scattering media such as biological samples, . It is commonly applied
in either scattering-free samples or without a systematic study of assumed
that the effects of scattering on the photothermal signals. measurements are
negligible. In this work, we report the results of a pump-probe experiment in
which In the present study we measured both the photothermal signal and the
scattering intensity at 90o angle from samples of water solutions prepared with
a mixture of absorptive gold nanoparticles (concentration 150 ppb and 2-nm
diameter) and scattering latex microspheres (0.2-25 microm diameter and con-
centrations 1.3-50 microg/ml). The data show that the photothermal signal
slowly decreases when the concentration of the latex scatterers is increased.
At latex concentration 50 microg/ml, the scattered signal increases more
than 2 orders of magnitude for 0.2-microm latex microspheres while the photo-
thermal signal reduces by less than 50%. This result suggests that the signal
reduction may be caused by the distortion of the excitation beam profile due
to multiple scattering, inducing hence reduction of the local temperature gra-
dient necessary for thermal lensing. In the case of Latex, we show that the pho-
tothermal lens method can be considered scattering free for turbidity values
smaller than ?? (1/cm).2639-Pos Board B625
Synthesis of Photochromic ATP Analogue and its Interaction with Motor
Protein
Kazuya Aritomi, Taro Kimura, Takeshi Itaba, Shinsaku Maruta.
Azobenzene is one of the photochromic molecules, which undergoes rapid and
reversible transitions between the cis isomer and trans isomer by visible and
ultra-violet light irradiation. We have been trying to control the activities of
motor proteins using the photochromic molecules as photo-regulatory devices.
We have recently demonstrated that microtubules dependent ATPase activity
of the kinesin modified by azobenzene derivative was regulated by UV-VIS
light irradiation. However, it was not so easy to incorporate the photochromic
molecules into the functional site of motor proteins without altering the native
enzymatic properties.
In the present study, we have designed the novel ATP analogues consist of pho-
tochromic molecules in order to photo-regulate the motor protein kinesin with-
out their chemical modification. It is expected that the ATP analogues induce
the reversible conformational change in the active site by alternate UV-VIS
light irradiation. We have synthesized non-nucleotide ATP analogue composed
of azobenzene derivative, Phenylazobenzoic-aminoethyl -triphosphate (PA-
BATP). PABATP showed UV/VIS light absorption spectral change accompa-
nied by transition between cis and trans in a similar manner observed in
azobenzene. PABATP was hydrolyzed by conventional kinesin and the hydro-
lysis rate was activated by microtubules. It has been demonstrated that the cis
isomer and trans isomer perform differently on a microtubule gliding motility
assay. We have also examined the formation of kinesin-PABADP-Pi analogues
(BeFn, AlF4-, Vi) which may mimic the transient states in ATPase cycle.
2640-Pos Board B626
Photocontrol of the Small G Protein Ras Using Photochromic Molecule
Hisashi Kobayashi, Shinsaku Maruta.
Small GTPase Ras is one of the G proteins. It was shown that the crystal structure
of the GTPase domain strikingly resemble to that of ATP driven motor proteins
myosin and kinesin.We have previously demonstrated that incorporation of pho-
tochromicmolecules in the functional sites of kinesin enable the photo-regulation
of theirATPase activities. Therefore, it is expected that Rasmaybe also regulated
using photochromic molecules. In this study, basic experiments were performed
in order to photoregulate GTPase activity of Ras. A new fluorescent GTP ana-
logue, NBD-GTP was synthesized in order to monitor the GTPase Ras.
NBD-GTP showed initial burst enhancement of the fluorescent intensity by
120% when GDP free Ras was added and subsequently slow increase of fluo-
rescence. The results may suggest that the initial burst of fluorescence reflects
the binding of GTP to the free GTPase site of Ras, and the slow phase corre-
sponds to the formation of Ras-GDP-Pi state. Quantitative analysis of cysteine
residue on the surface of Ras using DTNB revealed that one of the intrinsic
three cysteine locates on the surface. However, SH group reactive photochro-
mic molecule, 4-phenylazophenyl maleimide (PAM) was not incorporated
into the cysteine residues of wild type Ras. We designed the cDNA encoding
the ras, which has an additional reactive cysteine residue at near 12, 59 and
61, which are suggested as an essential for GTPase activity. We prepared
Ras mutant T59C that have a reactive cysteine residue in the functional key re-
gion for the signal transduction. Incorporation of PAM into T59C abolished
GTP binding and GTP hydrolysis of the mutant. UV and Visible light photo ir-
radiation did not alter the GTPase activity of the mutant modified with PAM.
2641-Pos Board B627
Conformational Change of Myosin Head Induced by Photo-Isomerization
of Photochromic ATP Analogue
Takeshi Itaba, Hideki Shishido, Yasunobu Sugimoto, KatsuzoWakabayashi,
Shinsaku Maruta.
Azobenzene is a photochromic molecule that undergoes rapid and reversible
isomerization between the cis- and trans-forms in response to ultraviolet
(UV) and visible (VIS) light irradiation, respectively. Previously, we have
cross-linked reactive cysteine SH1 and SH2 of skeletal muscle myosin with
the sulfhydryl-reactive bifunctional azobenzene derivative, azobenzene-
dimaleimide (ABDM) and succeeded to induce lever arm swinging reversibly
by photo-irradiation. However, incorporation of the photochromic molecules
into the functional regions abolished native enzymatic properties of myosin.
In thepresent study,wehave employedphotochromicATPanalogues that change
its structure reversibly by light irradiation in order to photo-regulate function of
myosin. Phenylazobenzoyl-iminoethyl-Tri-Phosphate (PABITP) have been de-
signed and synthesized. In the preliminary experiment cis isomer of PABITP
was hydrolyzed by skeletal and smooth muscle myosin in the presence of
Mg2þ much faster than trans isomer. The results suggested that the cis isomer
and trans isomer perform differently as a substrate of myosin. PABITP induced
dissociation of acto-myosin.Myosin-PABIDP-Pi analogues (BeFn) ternary com-
plex that may mimic transient state in ATPase was formed. X-ray solution
